We explore the impact of quantum noise reduction on force microscopy for broadband off-resonant materials characterization by integrating a multi-spatial-mode squeezed state as the readout field in a commercially available microscope.
the differencing element contained in the photodetector. As one beam moves relative to the other, the correlations tilever plays the role of the phase sensitive detector (analogous to a fringe movement). This type of interferometer has recently been referred to one linear beam splitter [3] . When the cantilever imparts a pure displacement on the probe field, it imparts a pure relative phase shift on the probe-conjugate twin beams, and the phase information can optionally also be accessed (and therefore the beam displacement also can be inferred) in a fully nonlinear interferometer in which the second beam splitter is replaced with a second 85 Rb vapor cell (or in a folded configuration with a single cell [4] ). Regardless of the nature of each beam splitter, the input to the interferometer is a coherent state on one port and vacuum on the other. The squeezing operation happens inside the interferometer across two modes, rather than on the outside in a single mode as in the original proposals that suggest injecting phase-squeezed light into one of the ports [5] . When viewed as an interferometer with a coherent input, no squeezed input, and a phase-shifter consisting of a cantilever, it is unsurprising that no source of excess noise is present in the interferometer to induce back action noise onto the intensity difference measurement via radiation pressure on the cantilever. In fact, the quantum noise in the unsqueezed quadrature inside the interferometer the phase sum of the optical fields does not drive the cantilever alone, but rather both mirrors of the interferometer. In this way, excess back action noise cancels in the final signal, enabling AFM below the standard quantum limit.
We will describe the fundamental limits of AFM with squeezed light readouts and analytically describe the noise thresholds needed to achieve broadband material characterization within current microscopes in the context of our experimental implementation of squeezed light readout of the AFM signal. This is the first demonstration of nanoscale microscopy to leverage quantum noise reduction, and a critical application where the optical power cannot be further increased to achieve improved SNR . The characterization of high-speed electronic dynamics of materials with broadband, squeezed, AFM will enable the exploration of novel physics within batteries, complex oxides used as neuromorphic memristive materials, and biological materials.
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